Abstract The questionnaire to determine the biosocial rhythms of daily living in the disabled elderly was newly developed. This questionnaire was aimed to evaluate a state of synchronization of biological rhythms in the disabled elderly. Eighteen items of the questionnaire relating to the synchronization of biological rhythms were finally selected by the test-retest method that was conducted for 68 disabled elderly living in a community with a duration of one year. The factor analysis showed that the questionnaire consisted of five factors: outdoor activities, ultradian rhythms, subjective evaluation of health status, social support, and sleep habits. The cumulative contribution rate of five factors was 53.2%. Reliability of the questionnaire was confirmed by a calculation of the Equal-length Spearman-Brown coefficients ranging from 0.60 to 0.80. Regarding the construct validity of the questionnaire, results of factor analysis showed five factors that were consistent with the synchronizers known in chronobiology. The total score of the questionnaire was significantly correlated to Barthel Index score and the competence score, suggesting that it partly reflects the activities of daily living of the disabled elderly. We conclude that a new questionnaire to determine the biosocial rhythm of daily living in the disabled elderly is useful to evaluate the biosocial synchronization of the disabled elderly because of its high reliability and validity.
Introduction
Personal effort and social support are indispensable for the disabled elderly to maintain a high level of activities of daily living (ADL) and to enjoy a healthy life as well as self-fulfilment in the community (Koyano, 1992) . It has been reported that the state of synchronization of biological rhythms in the disabled elderly becomes unstable when the level of ADL decreases (Motohashi et al., 2000) . Under the low level of ADL, the circadian rhythm amplitude of physiological indicators such as the heart rate changes (Motohashi et al., 1999a) . The state of synchronization means that endogenous biological rhythms, such as body temperature rhythm and sleepwake rhythm, exhibit periodicity with the same frequency of 24 hours of the external entrainment agents. This concept of synchronization of biological rhythms is now widely accepted in the human chronobiology (Haus and Touitou, 1992) . The state of synchronization of the biological rhythms seems to be closely related to the ADL in the disabled elderly, and is potentially affected by external environmental entrainment factors, including social and behavioral factors, in the elderly. In the disabled elderly, the frequency of social contact and the quantum of social support are thought to be important (Motohashi et al., 1999b) as physical synchronizers such as bright light exposure (Okawa et al., 1993) . Therefore, the state of synchronization of biological rhythms in the disabled elderly must be evaluated quantitatively from the biosocial aspects of rhythms in order to provide better home care services in the community. In our series of studies, we proposed the hypothesis that the biosocial rhythms of daily living in the disabled elderly are closely related to the ADL, especially the instrumental activities of daily living, and that the appropriate intervention of strengthening the biosocial synchronization increases the ADL in the disabled elderly (Motohashi et al., 1999b; Motohashi et al., 2000; Miyajima et al., 1997) . In this study, we developed a questionnaire to determine the biosocial rhythms of daily living in order to evaluate the state of synchronization in the disabled elderly living in a co mmunity. T he re liab ilit y and validity of th e questionnaire are studied for its future practical use.
Materials and Methods

Development of the questionnaire
In order to develop a questionnaire to determine the biosocial rhythms of daily living (BRDL), five specialists in community health for the elderly and one specialist in human chronobiology met for a brain storming session on the contents of the questionnaire. Each participant proposed as many items as possible for the questionnaire and wrote them in complete sentences. During this process, the basic concept of synchronization of biological rhythms and the biosocial factors influencing the synchronization were fully explained by a researcher of human chronobiology: physical entrainment factors (bright light, sound, temperature and humidity), chemical entrainment factors (ethanol, benzodiazepins, theophylline) , social entrainment factors (family, social support, social network, community participation, home help services), and individual factors (aging, genetic factor, morningness-eveningness preference, character, sensitivity to seasonal changes, time sensation, subjective health status). At the end of the first round of discussions, sixty items for the questionnaire were listed. In the second round of discussions, all the participants carefully examined the individual items. During this process, the items which were similar or were not essential for the questionnaire were excluded. In the end of the second round of discussions, forty-five items were finally listed. It was decided that those forty-five preliminary items would be used in our survey to develop a final version of the questionnaire. Three answers were prepared for each item of the questionnaire, and given the score of 0, 1, or 2 points. The score of 2 corresponded to the answer in which the effect of synchronization was considered as the greatest, and zero for that in which it was the least. This questionnaire was administered twice to 68 disabled elderly (50 males and 18 females) living in a community with a duration of one year. Ages of subjects were 65.2 ± 8.2 years (mean ± SD) for male, and 65.5 ± 6.7 for female. The reproducibility of the questionnaire was analyzed by examining the correlation of each item (Spearman's rank correlation analysis). The items for which the correlation coefficient between the responses in the two surveys were significant (significance level 5%) were selected. The subjects whose ADL greatly changed during the duration were excluded from the study. Finally, the data of 29 disabled elderly (24 males and 5 females) were used for further analysis of the reliability of the questionnaire. Ages of subjects were 62.8 ± 8.0 years (mean ± SD) for male, and 60.0 ± 5.4 for female. In the last page of this paper, the final version of the questionnaire and the method of calculation of the total score are shown.
Subjects of the questionnaire survey
Sixty-eight stroke survivors living in Natori City in M i y a g i P r e f e c t u r e , J a p a n , p a r t i c i p a t e d i n o u r questionnaire survey to determine the biosocial rhythms o f d a i l y l i v i n g a f t e r g i v i n g i n f o r m e d c o n s e n t. Simultaneously, measurements were also conducted on the physical activities of daily living, and instrumental activities of daily living. The subjects included those who had recovered from cerebrovascular diseases such as cerebral bleeding, cerebral ischemia, and were receiving the services of community rehabilitation programs conducted by the community. In the time of study, they all lived in a community and go to community center regularly for rehabilitation and recreational activities. Although the level of the physical activities of daily living varied among the subjects, they were still able to participate in the community rehabilitation program held at a community center. The average of Barthel Index score was 40.6 ± 9.0, ranging from 20 to 61. The average competence score was 6.2 ± 3.5 measured by the TMIG ( Tokyo Metro po lita n Insti tu te for Ger onto logy) questionnaire (Koyano et al., 1987) that evaluates the instrumental activities of daily living as well as social role. This score was lower than that in the healthy independent elderly in the community, and this was therefore considered as a population whose instrumental ADL was not so significantly deteriorated with the help of caregivers. This study was conducted in October 1995 and in October 1996.
Statistical test of normality of the total score distribution of the questionnaire
The histogram of the total score in the questionnaire of the 68 disabled elderly who responded to the first survey was analyzed. First, the sharpness and skewing of the distribution were calculated. Then, a normal-probability plot was constructed in order to validate the normality.
The reliability of the questionnaire
On the basis of data of identical responses to the questionnaire (18 items), the reliability analysis was conducted by the split method, and the Equal-Length Spearman-Brown coefficient was calculated (Norusis/ SPSS Inc., 1993). The Equal-Length Spearman-Brown coefficient was the estimate of the reliability of the test assuming that two parts of repetitive questionnaire have the same reliability. The Cronbach's alpha coefficient showing internal-consistency reliability was also calculated.
Validity of the questionnaire
In order to evaluate the construct validity of the questionnaire, factor analysis using a principle component method was conducted from the data of the 18 item questionnaire selected by the reliability test. Rotation of the factorial axis was made by the Varimax rotation method, and factors were extracted on the basis of standardized factor loading values. An interpretation of each factor was made from the obtained data on factor l o a d i n g v a l u e s . T h e c o n s t r u c t v a l i d i ty o f t h e questionnaire indicates whether the interpreted factors are compatible with the entrainment factors of biological rhythms.
Criterion validity was evaluated by the correlation analysis. For the biosocial rhythms of daily living, a goldstandard does not exist, because this questionnaire was developed for the first time to measure specifically the biosocial rhythms of daily living in the disabled elderly. However, the items included in this questionnaire partly overlap with those in other questionnaires used for measuring the activities of daily living. Therefore, a correlation study between the total score of the developed questionnaire and the scores of other measures of ADL was conducted. Barthel Index score which measures the physical activities of daily living in the disabled persons (Mahoney and Barthel, 1965) , and the competence score that measures instrumental ADL and intellectual activity were used as a criterion. The correlation coefficients of the biosocial rhythms of daily living with Barthel Index score and the competence score were calculated.
The statistical analysis was conducted by SPSS for Windows Ver. 7.1.2.
Results
Development of questionnaire to determine the biosocial rhythms of daily living
As stated in materials and methods, eighteen items of the questionnaire were selected from the test-retest data. The items selected in the questionnaire were as follows: bedtime, rising time, quality of sleep, frequency of awaking during night sleep, daytime nap habit, regularity of meal times, frequency of urination, regularity of evacuation, frequency of going out, communication with other persons, persons who share worries, community participation, satisfaction in life, difference in activity pattern between weekdays and holidays, preference for ou tdoor activity, feeli ng that time go es by fast, communication with other people, subjective fatigue, and depressive mood. Five factors were extracted from the 18 items by factor analysis (Table 1) . These were outdoor activities, ultradian rhythms, subjective evaluation of health status, social support, and sleep habits. The cumulative contribution rate of the five factors was 53.2%. A translated version of the questionnaire to determine the biosocial rhythms of daily living in the disabled elderly in a community is presented in Table 2 . 
Statisitical test on the normality of the total score distribution of the questionnaire
The histogram of the total scores in 68 disabled elderly who responded to the first survey is shown in Fig. 1 . The total score ranged from 16 to 33. The sharpness of score of the histogram was 0.26 and the skewing of the distribution was -0.094. The result of Lillefors' test was not significant (p=0.20), indicating that the observed d i st ri bu ti o n w as n ot di ffer en t fr om th e n o r ma l distribution. Table 2 The questionnaire to determine the biosocial rhythms of daily living in the disabled elderly 1. What time would you go to bed? ( ) hour ( ) minute 2. What time would you get up? ( ) hour ( ) minute 3. Do you sleep well? 1) very poor 2) fairly good 3) very good 4. Do you experience being awake during your sleep? 1) yes, every night 2) yes, two or three days per week 3) not at all 5. Do you take naps during daytime? 1) yes, more than two times per day 2) yes, one time per day 3) not at all 6. Do you have meals at regular times? 1) no, meal times are irregular 2) yes, meal times are almost regular 3)yes, meal times are very regular 7. How many times do you urinate per day? 1) more than seven times 2) five to six times 3) less than four times 8. Do you defecate at regular times everyday? 1) no, I defecate irregularly 2) yes, I defecate almost regularly 3) yes, I defecate very regularly 9. Do you have an opportunity to go out? 1) no, I have no opportunity to go out. 2) yes, I go out two or three days per week 3) yes, I go out everyday. 10. Do you have a chance to talk with someone besides your family? 1) no, not at all 2) yes, sometimes 3) yes, very frequently 11. Do you have someone who shares your private worries and fears with? 1) no, not at all 2) yes, I have a few 3) yes, I have many 12. Do you participate actively in community activities? 1) no, not at all 2) yes, I do sometimes 3) yes, I do frequently 13. Are you satisfied with your present life? 1) no, not at all 2) yes, I am fairly satisfied 3) yes, I am very satisfied 14. Do you spend your time differently between weekend and holiday? 1) no difference between weekend and holiday 2) almost the same between weekend and holiday 3) I spend my time differently 15. Do you prefer outdoor activities? 1) no, I rather prefer domestic activities 2) yes, I rather prefer outdoor activities 3) yes, I prefer outdoor activities very much 16. Do you feel that time goes fast? 1) no, I feel times goes slowly 2) I have no opinion 3) yes, I feel so 17. Do you feel you are fatigued recently? 1) yes, I almost always feel so 2) yes, I sometimes feel so 3) no, not at all 18. Do you feel depressive recently? 1) yes, frequently 2) yes, sometimes 3) no, not at all.
Calculation of total score of the questionnaire on biosocial rhythm of daily living for the disabled elderly.
(1) Time to go to bed: before 19 hours (0), from 19.1 to 20 hours (1), from 20.1 to 21 hours (2), from 21.1 to 22 hours (3), after 22.1 hours (4) (2) Time to get up: before 5 hours (4), from 5.1 to 6 hours (3), from 6.1 to 7 hours (2), from 7.1 to 8 hours (1), after 8 hours (0) (3) From question 3 to 18, scores are 0 for answer 1), 1 for answer 2) and 2 for answer 3). (4) Total score of the questionnaire was a sum of each score from question 1 to 18. 
Reliability of the questionnaire
The reliability coefficients (Equal-length SpearmanBrown coefficient) of the five factors are shown in Table  3 . They ranged from 0.60 to 0.80, and the Equal-length Spearman-Brown coefficient calculated from the 18 item data was 0.72. Cronbach's alpha coefficient calculated from the 18 item data was 0.64. Figure 2 shows the correlation between the total score in the questionnaire and the Barthel Index score, which was statistically significant (r=0.90, p<0.01). This meant that total score of BRDL reflected the level of physical disability of the subject. Figure 3 shows the correlation between the total score in the BRDL questionnaire and the competence score, which was also statistically significant (r=0.41, p<0.05). The higher the total score in the questionnaire, the higher the competence score was. These two correlations suggest that the total score in the questionnaire reflects both the physical activities of daily living and the instrumental activities of daily living. There was no significant sex difference in total score of BRDL (26.9 ± 5.2 for male and 25.6 ± 5.3 for female). There was no significant correlation between age and total score of BRDL.
Validity of the questionnaire
Discussion
A new questionnaire to determine the biosocial rhythms of daily living in the disabled elderly was developed in this study. This questionnaire measures the state of biosocial synchronization in the disabled elderly living in a community. Although many questionnaires have been developed to evaluate the health status and activities of daily living in the disabled elderly (Mcdowelle and Newell, 1996) , few questionnaires determine the biosocial rhythms of daily living in the disabled elderly. The newly developed questionnaire highlights a new aspect of health determinant factor of regularity of biosocial rhythms of daily living in the disabled elderly. We have already reported that the sleepwake rhythm is closely related to the physical fitness and competence level of stroke survivors living at home, and the importance of strengthening the synchronization of the sleep-wake rhythm to improve the competence of Fig. 2 The relationship between total score of the BRDL questionnaire and the Barthel Index score. The correlation was significant at p<0.01 (r=0.90).
Fig. 3
The relationship between total score of the BRDL questionnaire and the Competance score developed by Koyano et al.. The correlation was significant at p<0.05 (r=0.41).
